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(54) Volatile precursors for deposition of metals and metal-containing films 



(57) This invention is directed to a group of novel 
homologous eight membered ring compounds having a 
metal, such as copper, reversibly bound in the ring and 
containing carbon, nitrogen, silicon and/or other metals. 
A structural representation of the compounds of this in- 
vention is shown below: 
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wherein M and M' are each a metal such as Cu, Ag, Au 
and Ir; X and X' can be N or O; Y and Y' can be Si, C; 
Sn, Ge, or B; and Z and Z' can be C, N, or O. Substitu- 
ents represented by R1, R2, R3, R4, R5, R6, R1\ R2\ 
R3\ R4', R5', and R6' will vary depending on the ring 
atom to which they are attached. This invention is also 
directed to depositing metal and metal-containing films 
on a substrate, under ALD or CVD conditions, using the 
above novel compounds as precursors. 
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M., Mater. Res. Soc. Symp. Proc, 1990, pages 204, 415). These copper** 2 ) compounds are typically solids, and 
the CVD processing temperatures for them are typically above 200 °C. If these precursors are substantially fluor- 
inated, then similar problems with adhesion, etc., are anticipated, as observed for the Cu(hfac)L compounds men- 
tioned above. 

5 3. CVD copper from (Y)Cu(L) compounds. 

In these Cu(+1) precursors, (Y) is an organic anion and (L) is a neutral stabilizing ligand, such astrialkyphos- 
phine. An example of such a precursor is CpCuPEt 3 , where Cp is cyclopentadienyl arid PEt 3 is triethylphoshine 
(Beech et al., Chem. Mater. (2), pages 216-219 (1990)). Under CVD conditions, two of these precursor molecules 
react on the wafer surface in a process whereby the two stabilizing trialkyphosphine ligands become disassociated 

10 from the copper centers, the two (Y) ligands become coupled together and the copper (+1) centers are reduced 

to copper metal. The overall reaction is shown below in Equation (c). However, this type of chemistry poses prob- 
lems in a manufacturing environment, since the released trialkylphosphine ligands tend to contaminate the CVD 
chamber and can act as undesired N-type silicon dopants. 

15 (c) 2 (Y)Cu(L) -» 2 Cu + (Y-Y) + 2 (L) 

BRIEF SUMMARY OF THE INVENTION 

20 [0003] The present invention is directed to a group of novel homologous eight membered ring compoundss having 
a metal, such as copper, reversibly bound in the ring and containing carbon, nitrogen, silicon and/or other metals. A 
structural representation of the compounds of this invention is shown below [1]: 
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wherein M and M' are each a metal, such as Cu, Ag, Au, and Ir; X and X' can be N or O; Y and Y* can be Si, C; Sn, 
Ge, or B; and Z and T can be C, N, or O. Substituents represented by R1 , R2, R3, R4, R5, R6, R1\ R2\ R3\ R4\ R5\ 

40 and R6' will vary depending on the ring atom to which they are attached. For example, R1 , R2, R1\ and R2' can each 
independently be an alkyl, an alkenyl, an alkynyl, a partially fluorinated alkyl, an aryl, an alkyl-substituted aryl, a partially 
fluorinated aryl, or a fluoralkyl-substituted aryl; R3, R4, R3\ and R4' can each be independently an alkyl, a partially 
fluorinated an alkyl, a trialkyl siloxy, an aryl, an alkyl-substituted aryl, a partially fluorinated aryl, a f luoroalkyl-substituted 
aryl, an alkoxy, or a halogen; and each of R5, R6, R5', and R6 1 can each be independently H, an alkyl, an alkenyl, an 

45 alkynyl, a partially fluorinated alkyl, an aryl, an alkyl-substituted aryl, a partially fluorinated aryl, a fluoralkyl-substituted 
aryl, a halogen, a trialkylsilyl, a triarylsilyl, a trialkylsilanoate, a trialkylsilylamido, or an alkoxy; provided that when X 
and X' are each O, there is no substitution at R2 and R2'; further provided that when Z and Z' are each O, there is no 
substitution at R5, R6, R5\ or R6\ Alkyl and alkoxy each have 1 to 8 carbons; alkenyl and alkynyl each have 2 to 8 
carbons; and aryl has 6 carbons. 

so [0004] A linear representation of one embodiment of the novel compounds of this invention is [- 
CuNMe 2 SiMe2CH2CuNMe2SiMe 2 CH2-] in which, according to structure [1 ] above, M and M' are each Cu; X and X' are 
each N; Y and Y' are each Si; Z and Z* are each C; R1 , R2, R3, R4, R1\ R2\ R3\ and R4' are each methyl; and R5, 
R6, R5', and R6' are each H. 

[0005] The compounds of this invention have the remarkable capability of depositing two metal atoms per molecule 
55 under chemical vapor deposition conditions by the process of thermal ligand coupling along with simultaneous reduction 
of the copper centers to copper metal. They are also well suited for use in Atomic Layer Deposition (ALD) of metal or 
oxide thin films, preferably copper or copper oxide films. 

[0006] This invention is also directed to depositing metal and metal-containing films on a substrate, under ALD or 
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CVD conditions, using the above novel compounds as precursors. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

[0007] Fig. 1 presents a single crystal X-ray structure of one compound of this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

wwmmm 



(d) 



[-CuNMe 2 SiMe 2 CH 2 CuNMe 2 SiMe 2 CH 2 .] -> Me 2 NSIMe 2 CH 2 CH 2 SiMe 2 NMe :) + 2 Cu° 



(e) [-CuNMe 2 SiMe 2 CH 2 CuNMe 2 SiMe 2 CH 2 -] + H 2 2 Me 2 NSiMe 3 + 2Cu° 
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onate) (Martensson, P., et al, J. Etectrochem. Soc, Vol 145, No 8, August 1998, pages 2926-2931 suffers from the 
precursor being bulky and mononuclear in copper, and ALD copper using copper< +2 )(hfac) 2 ( Solanki, Ft., et al, Elec- 
trochemical and Solid State Letters, Vol. 3 (10) pages 479-480 (2000)) suffers from the disadvantages of being mono- 
nuclear and highly fluorinated. 

5 [0014] The complexes described in this disclosure are highly suitable for the ALD growth of copper and other metals, 
copper alloys, and copper containing films such as coppersulfide, copper oxide, etc. These films are created by reacting 
the monolayers of precursor in the ALD technique by thermal processing or chemical reduction, by treatment with other 
metal compounds or by processing with sulfur or oxygen containing reagents respectively. This disclosure also teaches 
a superior process for growing copper films by ALD whereby the chemisorbed monolayer of precursor is reacted with 

to water vapor or water vapor plus an oxidant in ALD type cycles to form an ultra thin film of copper oxide. This copper 
oxide is then reduced by hydrogen gas, remote hydrogen plasma or other suitable reductant, to form copper metal. 
These oxidation and reduction steps can be carried out in rapid succession or reduction can be carried out after a 
number of layers of oxide have been grown. This improved ALD approach achieves a greater degree of control over 
the formation of precursor monolayers since the precursor can strongly chemisorb onto an oxide or hydroxide type of 

15 surface rather than weakly absorbing onto a metal lie surface. The precursors described in this disclosure are especially 
suited to this approach since they are hydrolyticatly labile. Thus, in the case of the binuclear complex, [- 
CuNMe 2 SiMe 2 CH 2 CuNMe 2 SiMe 2 CH 2 -], water vapor can break the Cu-CH 2 bond in the precursor by protonation of 
the carbon atom and break the Si-N bond by hydrolysis thereby yielding smaller molecular fragments that are more 
readily evacuated from the ALD chamber as volatile by products, as shown below in equation (f). This is illustrated by 

20 the result that in tetrahydrof uran solvent the [-CuNMe 2 SiMe 2 CH 2 CuNMe 2 SiMe 2 CH 2 -] complex is observed to reiease 
dimethylamine and hexamethyldisiloxane upon reaction with water. 

(f) [-CuNMe 2 SiMe 2 CH 2 CuNMe 2 SiMeCH 2 -] + 2H 2 0 -> Cu 2 0 + 2HNMe 2 +Me 3 SiOSiMe 3 

25 

The copper oxide thus produced is then reduced to copper metal by treatment with hydrogen gas, hydrogen plasma, 
or other suitable reducing agent. 

[0015] In summary, the process sequence for growing ALD copper using this superior process is as follows: a fresh 
metal, metal containing, metalloid, such as silicon or germanium, or metalloid containing surface is reacted with water, 

30 hydrogen peroxide, alcohol oxygen or other suitable reagent to give a new surface bearing hydroxyl OH, OH and oxide, 
or oxide oxygen groups. A monolayer of copper complex is then chemisorbed onto this surface to give copper oxide 
or hydroxide type species. A pulse of copper complex is then added to chemisorb a monolayer of it onto the hydroxide/ 
oxide surface. The cycle of oxidant/copper precursor is continued until the desired thickness of oxide is achieved at 
which point the process is terminated by chemical reduction of the oxide layers to copper metal using a suitable volatile 

35 reducing agent, such as hydrogen, hydrogen plasma, silanes, and boranes. The thickness of the oxide layers is carefully 
chosen such that the oxide can be rapidly and completely reduced to metal. Once this is complete then the entire cycle., 
can be restarted to yield an overall thicker final copper film. If the [-CuNMe 2 SiMe 2 CH 2 CuNMe 2 SiMe 2 CH 2 -] type pre- 
cursor is utilized, it is thought that chemisorbtion onto a [-Cu-OH] surface site to form [Cu-O-Cu] should be strongly 
driven due to the basicity of the ligands driving proton removal from the OH group. This chemisorbtion is far stronger; 

40 than the chemisorbtion of the same copper precursor directly onto a growing copper surface to give [-Cu-CuL-] type - 
species which is representative of a typical ALD copper process. Thus greater control over monolayer saturation is 
achieved which is the key to a successful ALD approach. The resulting [-Cu-O-CuL] or [-Cu-O-Cu] surface is then 
reduced to [-Cu-Cu] to give a smooth copper film. This technique can also be applied to the formation of mixed metal 
alloy thin films by ALD. In this technique layers of copper oxide grown by ALD are alternated with additional layers of 

45 another metal oxide which can also be reduced to elemental metal by hydrogen or another reducing agent simultane- 
ously with the reduction of copper oxide to copper metal. The ratio of copper oxide layers to alloying metal oxide layers 
determines the composition of thefinal metal alloy after reduction. For instance, copper oxide could be grown alternately 
with palladium oxide and this composite reduced to give a copper palladium alloy. Similarly, more than one additional 
metal oxide species can be incorporated into the copper oxide to yield, after reduction an alloy comprised of copper 

so and at least two other metals. Specific copper alloys are more electromigration resistant than pure copper and hence 
are very important for the fabrication of copper interconnects. If the ALD copper alloy film forms a seed layer for sub- 
sequent electroplated copper, the alloying element(s) can be diffused into the bulk of the electroplated copper by 
applying a thermal anneal step resulting in a copper film containing uniformly distributed alloying elements. 
[0016] Some copper alloys are advantageous for other reasons such as the alloying element segregating to the 

55 surface of the copper film after a thermal anneal whereupon it can be reacted with a processing gas or vapor to provide 
a protective layer. An example would be the growth and annealing of a copper/magnesium alloy whereby the magne- 
sium segregates to the copper surface where it is subsequently oxidized to form a protective layer of magnesium oxide 
(Murarka, S., Critical Reviews in Solid State and Materials Sciences, 20 (2), pages 87-1 24 (1 995)). 
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[0017] Other metals (M) can also be used instead of copper to give [-MNMe 2 SIMe 2 CH 2 MNMe 2 SiMeCH 2 -] type of 
complexes descnbed in this disclosure thereby yielding volatile metal complexes other than copper that are usefull for 
CVD or ALD films containing those respective metals. Examples of such metals include, but are not limited to, silver 
gold, cobalt, ruthenium, rhodium, platinum, palladium, nickel, osmium and iridium, sodium, potassium and lithium Such 

r°TiM eXeS alS ° be USed con i unction witn > ° r 'n alternating sequences with [- 

CuNMe 2 SiMe 2 CH 2 CuNMe 2 SiMe 2 CH 2 -] type copper complexes to give copper alloys after a thermal anneal. Other 
metals that are divalent such as, but not limited to, palladium, platinum, rhodium and ruthenium can also be used to 
yield useful volatile complexes by coordinating ligands of the type shown in structure [1]. Such complexes can also be 
used in a simultaneous CVD deposition or ALD deposition with suitable copper complexes to yield copper alloys or 
other copper containing films. These new approaches to ALD copper and copper alloys and other copper containing 
films can also be applied using known copper precursors such as those described in the 1 0 groups below: 

1 ) Cu+1 (p-diketonate)(L)n type precursors where (n) is 1 or 2 or where (L) represents an olefin, a diene a tetraene 
analkynetriall<ylsilylalkenes,triall<ylsilyldienestrialkylsilytetraenes,trialkylsilylacetylenes,trial^ tri- 
alkoxysilyldienestrialkoxysilylacetlylenes,trialkoxysilyldienes,trialkylphosphines,andtrialkoxyphoshines nitriies 
isonitnles, isocyanates, carbon monoxide, and and (p-diketonate) is represented by (hfac), acetylacetonate (i e ' 
acac), 3-halosubstituted acac; 1 ,5-dihalo substituted acac, 1 ,1 ,1 -trihalosubstituted acac, alkylacetoacetates (meth- 
ylacetoacetate), alkyl-oxobutanoates, aryl acetoacetates. p-diketonate can also be substituted by aryl or alkyl sub- 
stituted, halogenated, partly halogenated or non-halogenated p-diimine or p-ketoimine, malonaldehyde 2-halo- 
malonaldehyde, malonaldehyde diimines, dialkyl malonates (e.g. dimethyl malonate), diaryl malonates arylalkyl 
malonates, 1 ,3-bis(trialkylsilyl)-1 ,3-propanedionate and 1 -trialkylsilyl-3-alkyl-1 ,3-propanediohate. 

2) Cu+i(alkoxide)n type precursors where (n) is typically from 4-6 and (alkoxide) represents t-butoxy methoxy 
ethoxy, isopropoxy, unsaturated alkoxides (e.g. 2-methyl-3-butene-2-oxy, 2-methyl-3-butene-2-oxy) alkynyloxy' 
(e.g. propargyl alkoxide), allyloxy, vinyloxy, allylphenoxy, alkylphenoxy or mixtures thereof. Additional alkoxides 
include amino, imino, cyano and halogen substituted alkoxides, trialkylsllanoate, trialkoxysilanoate dialkylalkylami- 
nosilanoate, dialkylalkyliminosilanoate. 

3) [Cu(+D(amide)]n type precursors where (n) is typically 4-6 and (amide) represents secondary amide anion 
Substituents on the amide nitrogen include but are not limited to the following representative groups' alkyl aryl 
allyl, arylalkyl, silylalkyl, silylaryl, alkylether, halogenated and partially halogenated dialkylsilyl. ' ' 

4) [Cu<+D(R)]n type precursors where (n) is typically between 4-6 and (R) represents alkyl, halogenated or partially 
halogenated alkyl, trialkoxysilylalkyl, trialkylsilylalkyl, trialkoxysilylalkyl, allyl, vinyl, alkynyl, aryl, mono and multi- 
alkyl substituted aryls, halo substituted aryls, arylalkyls, halo substituted araalkyls, alkoxy substituted aryls alkoxy 
substituted aralkyls, iminosubstituted aryls and iminosubstituted alkyls. 

5) Cu<+2) bis(alkoxide) type precursors including, but not limited to, alkoxides substituted with amine imine ether 
vinyl, alkynyl, aryl, trialyklsilyl or halogen. The alkoxide can also be dialkylalkylaminosilanoate or dialkylalkylimi- 
nosilanoate. ' 

6) Cu<+2) bis [p-diketonate] type precursors where [p-diketonate] can be substituted with alkyl, halogenated alkvl 
vinyl, alkynyl, aryl, trialkylsilyl, halogen or ether groups. 

7) Cu(+2) bis(p-ketoimides) where the p-ketoimine is substituted with alkyl, halogenated alkyl, trialkylsilyl trialkox- 
ysilyl, trialkylsiloxyl, aryl, halogenated aryl, ether or amine groups. 

8) Cu<+2) (p-diimides) where the p-diimine is substituted with hydrogen, alkyl, halogenated alkyl, trialkylsilyl tri- 
alkoxysilyl. tnalkylsiloxy, aryl, halogenated aryl, amine and ether groups. 

9) Cu<+i)(amidinates) where (amidinate) represents alkyl-amidinate, aryl-amidinate, halo-amidinate trialkylsilya- 
midinate, trialkylsilylalkylamidinate and trialkoxysilylamidinate structures. 

1 0) CuM>(R)nL type precursors where (n) is typically 1 -3 and where (R) represents alkyl, halogenated alkyl amine 
substituted alkyl, imine substituted alkyl allyl, vinyl, alkynyl, aryl, alkyl substituted aryls, halosubstituted aryls ar- 
ylalkyls, halo substituted arylalkyls, alkoxy substituted aryls, alkoxy substituted arylalkyls, nitriies, haloalkanes 
cyclopentadienyl, halogen substituted cyclopentadienyl, alkyl substituted cyclopentadienyl, halogenatedalkyl sub- 
stituted cyclopentadienyl. L is a neutral stabilizing ligand of the type trialkylphosphine, triaiylphosphine dialkyl- 
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20 



phosphine, CO, nitrile, isonitrile, isocyanides, olefin, alkyne. 

[0018] The ligand basicity of the [-CuNMe 2 SiMe 2 CH2CuNMe2SiMe 2 CH2-] type complexes can also be used in an- 
other ALD approach where a monolayer of chemisorbed complex of the type [1] is treated with a volatile acid ligand 
such as a (3-diketone which protonates off the ligand of the complex and in doing so forms a metastable copper (+1) 
(P-diketonate) species which then disproportionates to give volatile copper (+2) (P-diketonate) 2 and copper metal. This 
same chemistry can also be used in a CVD process for growing a copper film. 
[0019] A structural representation of the metal complexes of this invention is shown below [1] 
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25 wherein M and M' are each a metal such as Cu, Ag, Au, and Ir; X and X' can be N or O; Y and Y 1 can be Si, C; Sn, Ge, 
or B; and Z and Z' can be C, N, or O. Substituents represented by R1 , R2, R3, R4, R5, R6, R1\ R2\ R3\ R4', R5 1 , and 
R6' wili vary depending on the ring atom to which they are attached. Additional embodiments include M and M" as 
divalent metals, such as Pt and Pd, where each metal center coordinates two of its own ligands. 
[0020] A single crystal X-ray structure of one embodiment of the compounds of this invention, [- 

30 CuNMe 2 SiMe 2 CH 2 CuNMe 2 SiMe 2 CH 2 -], is shown in Fig. 1. 

[0021] The eight membered cyclic core structure of this molecule constitutes a novel composition with unique met- 
allization properties for copper and other metal CVD and ALD techniques, as mentioned above. Many variations of the 
above molecule are possible to bestow subtle changes in chemical and physical properties of the precursor. For in- 
stance, the periphery of the core structure can be modified by alkyl substitition to render the complex a liquid at room 

35 temperature 

[0022] The following compositions are alternative preferred embodiments. In each of the following 12 types of com- 
pounds, M and M 1 are Cu. Different substitutions can be on X and X' (Group 1), Y and Y 1 (Group 2) and Z and Z' (Group 
3). In all of the substitutions, alkyl and alkoxy can have 1 to 8 carbons, alkene, and alkyne can each have 2 to 8 carbons, 
and aryl can have 6 carbons. 

40 [0023] The core ring structure, when X and X' are N, Y and Y" are Si, and Z and Z' are C, is [-Cu-N-Si-C-Cu-N-Si- 
C-], denoted as Structure Type #1 . Formulations for Structure Type #1 : 

Group 1 : Substituents on X and X' (N) 

45 [0024] R1 , R2, R1\ and R2' can be any combination of alkyl, alkynes, alkenes, partially fluorinated alkyl, aryl, alkyl- 
substituted aryl, partially fluorinated aryl, or fluoroalkyl-substituted aryl. 

Group 2: Substituents on Y and Y' (Si) 

so [0025] R3, R4, R3', and R4' can be any combination of alkyl, partially fluorinated alkyl, trialkylsiloxy, triaryisiloxy, aryl, 
alkyl-substituted aryl, partially fluorinated aryl, fluoroalkyl-substituted aryl, alkoxy, alkylamido, or halogen. 

Group 3: Substituents on Z and Z'.(C) 

55 [0026] Either or all of R5, R6, R5' and R6'are hydrogen, alkenes, alkyne, alkyl, partially fluorinated alkyl, aryl, alkyl- 
substituted aryl, partially fluorinated aryl, fluoroalkyl-substituted aryl, trialkylsilyl, trialkylsilylalkyl, triarylsily, trialkylsiloxy, 
triaryisiloxy, trialkylsilanoate, alkoxy, trialkylsilyl ami do, or halogen. 

[0027] Further, an analogous eight member ring core structure can also be created when Z and Z' are each N. This 
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tTnirrtheT^rir d c ,r °; t copper precursorsi with greai p ° tentiai f ° r ^ ■*«•« *« * 

and 2 TnH 7 r bel °^ d ; ff „ erent ^"stitut.on groups are shown for X and X' (N)(Group 1), Y and V (Si) (Group 2) 

rO028l For ' ? \ ° ^ tMm * ^-N-Si-N-Cu-N-Si-N-], denoted as Structure Type #2. 

[0028] Formulations for Structure Type #2. 

Group 1 : Substituents on X and X' (N) 

[0029] R1 R2, R1\ and R2 1 can be any combination of hydrogen, alkyl, alkyne, alkene, partially fluorinated alkvl 
aryl, alkyl-substituted aryl, partialfy fiuorinated aryl, or f luoroa.kyl-substituted a* trialkylsilyl or triaryS 

Group 2: Substituents on Y and Y' (Si) 

E 01 u R » ? 4 J R3 !' and R4 ' ° an bS any combination of alkyl, partially fluorinated alkyl, trialkylsiloxy triarvlsiloxv arvl 
alkyl-substituted aryl, partially fluorinated aryl, fluoroalkyl-substituted aryl, alkoxy, alkylamido^ oSogen 

Group 3: Substituents on 2 and 2' (N) 

S, t h 5 ' R , 6 ' R !' ?, nd , R6 ' inde P endent| y h y dr °S en > alkene, alkyne, alkyl, partiaily fluorinated alkyl, aryl alkyl- 
rnnS c T fluor °alkyl-substituted aryl, trialkylsilyl, triarysilyl, or halogen 

o ' a " analogous ei 9 ht member rin 9 c °re structure can also be created when Z and Z' are each anionic 

a Th,s would create another new class of CVD copper precursors, with great potential for yielding Z 

YWSiHGrou^' dZTT™,' 9r ° UPS m ^ f ° r X «* * <W&!«P 1) Y and 

Lnd2 a one I * ^ *Td 7" ^ 'Tk* 0 ^' 6 * 68 " ^ by C ° mbinin9 the ,0 "° Win 9 substituted Groups 

t' nn9 StmCtUre 18 [- Cu -N-Si-0-Cu-N-Si-0-], denoted as Structure Type #3 

[0033] Formulations for Structure Type #3. 

Group 1 : Substituents on X and X' (N) 

i 0 ub 3 s lt. R H 1 a r!, 2 ^l'' n n « R2, . Ca . n be T combination of a,k y!. a 'kynes, alkenes, partially fluorinated alkyl, aryl, alkyl- 
substituted aryl, partially fluorinated aryl, or fluoroalkyl-substituted aryl. 

Group 2: Substituents on Y and Y' (Si) 

EHf k «' ."I' R3 !' R4 ' Can be any combination of alk Vl. partially fluorinated alkyl, trialkylsiloxy, triarylsiloxy arvl 
I T arVl ' Part,a " y f,UOrinated 9ryl ' '"^alkyl-substituted aryl, alkoxy, alkylamidc!, or iSIogen * * 
[0036] Further, an analogous eight member ring core structure can also be created Y and Y' are C. This would also 

,i^rbeow^^iTr pperpr " urso ^ 

? S Sronn \ nT «**™'°n 9™Ps are shown for: X and X" (N)(Group 1), Y and Y' (C) (Group 2) and Z and 
1 fi^ , « * b 'nuclear complexes are created by combining the following varyingly substituted Groups 

col lVu V m Tr? t09ether thr ° U9h the »» COpper atoms 10 * eld an °W ™"*>™<i ring. Thus Te 
core nng structure is [-Cu-N-C-C-Cu-N-C-C-], denoted as Structure Type #4. 

[0037] Formulations for Structure Type #4. 
Group 1 : Substituents on X and X" (N) 

[0038] R1 , R2, R1 ', and R2' can be any combination of alkyl, alkynes, alkenes, partially fluorinated alkvl arvl alkvl- 
substituted aryl, partially fluorinated aryl, or fluoroalkyl-substituted aryl. ^ ^ ' ^ 

Group 2: Substituents on Y and Y" (C) 

El JSv" 4 ' R f T, R4 u Can be 3ny combination of hydrogen, alkyl, partially fluorinated alkyl, trialkylsiloxy, triar- 
ylsiloxy, alkoxy, aryl, alkyl-substituted aryl, partially fluorinated aryl, fluoroalkyl-substituted aryl, or halogen. 

Group 3: Substituents on Z and Z' (C) 

iTLS « ° ra " ?' J 5 ' ?;, R5 ' and R6 " are H ' alkeneS ' alkyne ' alkyl ' Partially fluorinated a.kyl, aryl, alkyl-substituted 
aryl, partially fluorinated aryl, fluoroalkyl-substituted aryl, trialkylsifyl, trialkylsilylalkyl, triarylsily, trialkylsNoxy, triarylsT 
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loxy, trialkylsilanoate, alkoxy, trialkylsilylamido, or halogen. 

[0041] Further, an analogous eight member ring core structure can also be created when Y and Y' are C, and Z and 
Z' are N. This would also create another new class of CVD copper precursors, with great potential for yielding highly 
adherent films to tantalum. In the list below, different substitution groups are shown for X and X' (N)(Group 1), Y and 
5 Y 1 (C) (Group 2) and Z and Z' (C ) (Group 3). Different binuclear complexes are created by combining the following 
varyingly substituted Groups 1 , 2 and 3. Thus, the core ring structure is [-Cu-N-C-N-Cu-N-C-N-], denoted as Structure 
Type #5. 

[0042] Formulations for Structure Type #5. 

10 Group 1 : Substituents on X and X' (N) 

[0043] R1, R2, R1\ and R2' can be any combination of alkyl, alkynes, alkenes, partially fluorinated alkyl, aryl, alkyl- 
substituted aryl, partially fluorinated aryl, or fluoroalkyl-substituted aryl. 

15 Group 2: Substituents on Y and Y' ( C) 

[0044] R3, R4, R3\ and R4' can be any combination of H, alkyl, partially fluorinated alkyl, trialkylsiloxy, triarylsiloxy, 
alkoxy, aryl, alkyl-substituted aryl, partially fluorinated aryl, fluoroalkyl-substituted aryl, or halogen. 

20 Group 3: Substituents on Z and Z' (N) 

[0045] R5, R6, R5', and R6 1 are independently hydrogen, alkene, alkyne, alkyl, partially fluorinated alkyl, aryl, alkyl- 
substituted aryl, partially fluorinated aryl, fluoroalkyl-substituted aryl, trialkylsilyl, triarysilyl, or halogen. 
[0046] Further, an analogous eight member ring core structure can also be created Y and Y' are C, and Z and Z' are 
25 o. This would also create another new class of CVD copper precursors, with great potential for yielding highly adherent 
films to tantalum. In the list below, different substitution groups are shown for nitrogens X and X' (N)(Group 1), Y and 
Y 1 (C ) (Group 2). Different binuclear complexes are created by combining the following varyingly substituted Group 1 , 
Group 2 and oxygens.Thus, the core ring structure is [-Cu-N-C-O-Cu-N-C-O-], denoted as Structure Type #6. 
[0047] Formulations for Structure Type #6. 

30 

Group 1: Substituents on X and X' (N) 

[0048] R1 , R2, R1\ and R2' can be any combination of alkyl, alkynes, alkenes, partially fluorinated alkyl, aryl, alkyl- 
substituted aryl, partially fluorinated aryl, or fluoroalkyl-substituted aryl. 

35 

Group 2: Substituents on Y and Y' (C) 

[0049] R3, R4, R3', and R4' can be any combination of H, alkyl, partially fluorinated alkyl, trialkylsiloxy , triarylsiloxy,. 
alkoxy, aryl, alkyl-substituted aryl, partially fluorinated aryl, fluoroalkyl-substituted aryl, or halogen. 

40 [0050] Further, an analogous eight membered ring core structure can also be created when X and X' are O. This 
would also create another new class of CVD copper precursors, with great potential for yielding highly adherent films 
to tantalum. In the list below, different substitution groups are shown for X and X' (O) (Group 1), Y and Y 1 (Si) (Group 
2) and Z and Z' (C) (Group 3). Different binuclear complexes are created by combining the following varyingly substituted 
Group 1 , Group 2 and Group 3, as they are connected together through two copper atoms to yield an eight membered 

45 ring. Thus, the core ring structure is [-Cu-O-Si-C-Cu-O-Si-C-], denoted as Structure Type #7. 
[0051] Formulations for Structure Type #7. 

Group 1 : Substituents on X and X' (O) 

so [0052] R1 and R1 * are individually alkyl, alkynes, alkenes, partially fluorinated alkyl, aryl, alkyl-substituted aryl, par- 
tially fluorinated aryl, fluoroalkyl-substituted aryl, trialkylsilyl, or triarylsilyl. There is no substitution at R2 and R2\ 

Group 2: Substituents on Y and Y' (Si) 

55 [0053] R3, R4, R3\ and R4* can be any combination of alkyl, partially fluorinated alkyl, trialkylsiloxy, triarylsiloxy, aryl, 
alkyl-substituted aryl, partially fluorinated aryl, fluoroalkyl-substituted aryl, alkoxy, alkylamido, or halogen. 
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Group 3: Substituents on Z and Z' (C) 

[0054] Either or all of R5, R6, R5' and R6' are H, alkenes, alkyne, alkyl, partially fluorinated alkyl, aryl, alkyl-substituted 
aryl, parfially fluonnated aryl, fluoroalkyl-substituted aryl, trialkylsilyl, trialkylsilylalkyl, triarylsily, trialkylsiloxy triarylsi- 
loxy, tnalkylsilanoate, alkoxy, trialkylsilylamido, or halogen. * * 

[0055] Further, an analogous eight membered ring core structure can also be created X and X' are O and Z and T 

ll^Jn n W ° t Ul< ! an ° ther nSW °' aSS ° f CVD copper P recu 'sors, ^th great potential for yielding highly 

adherent films to tantalum. In the list below, different substitution groups are shown for Xand X' (0)(Group 1 ) Y and 
Y (Si) (Group 2) and Z and Z (N) (Group 3). Thus, the core ring structure is [-Cu-O-Si-N-Cu-O-Si-N-], denoted as 
oiruciure iype#8. 

[0056] Formulations for Structure Type #8. 
Group 1 : Substituents on X and X' (O) 

[0057] R1 and R1 ' are individually alkyl, alkynes, alkenes, partially fluorinated alkyl, aryl, alkyl-substituted aryl par- 
t.ally fluonnated aryl, fluoroalkyl-substituted aryl, trialkylsilyl, or triarylsilyl. There is no substitution at R2 and R 2 ' 

Group 2: Substituents on Y and Y' (Si) 

T! 81 Jf t ' n R3 ',' R4 ' C3n b6 any combination of alk y'. P ar tia»y fluorinated alkyl, trialkylsiloxy, triarylsiloxy aryl 
alkyl-subst,tuted aryl, part.ally fluorinated aryl, fluoroalkyl-substituted aryl, alkoxy, alkylamido, or halogen 

Group 3: Substituents on Z and Z' (N) 

. J' R , 6> R5 '.' and R6 ' arG inde P endent| y hydrogen, alkene, alkyne, alkyl, partially fluorinated alkyl, aryl alkvl- 
substituted aryl, partially fluorinated aryl, fluoroalkyl-substituted aryl, trialkylsilyl, triarysilyl or halogen 
[0060] Further, an analogous eight membered ring core structure can also be created when X and X' are O and Z 

hinh^ Ah 7? T" 3 ^ ° reate an ° ther nSW Cl3SS ° f CVD copper P^ursors, with great potential for yielding 
highly adherent films to tantalum. In the list below, different substitution groups are shown for X and X' (O) (Group 1) 
and Y and Y (S,) (Group 2). Thus, different binuclear complexes are created by combining the following varyingly 
substituted Group 1 , Group 2 and oxygen atoms, as they are connected together through two copper atoms to yield 
an eight membered ring. Thus, the core ring structure is [-Cu-O-Si-O-Cu-O-Si-O-J, denoted as Structure Type #9 
[0061] Formulations for Structure Type #9. n">**>. 

Group 1 : Substituents on X and X' (O) 

[0062] R1 and R1 • are individually alkyl, alkynes, alkenes, partially fluorinated alkyl, aryl, alkyl-substituted aryl par- 
tially fluorinated aryl, fluoroalkyl-substituted aryl, trialkylsilyl, or triarylsilyl. There is no substitution at R2 and R2' 

Group 2: Substituents on Y and Y' (Si) 

SUf 1 J?,' It' R3 ',' R4 ' ° an be any combination of alk yL Partially fluorinated alkyl, trialkylsiloxy, triarylsiloxy, aryl 

f ^ arV1, Partia " y flU ° nnated afyl ' fl "°">alkyl-substituted aryl, alkoxy, alkylamido, or halogen 
[0064] Further, an analogous eight membered ring core structure can also be created when X and X' is O and Y and 

Lhllni n T° t f S ° °? at ! an ° ther n6W C ' aSS °' CVD C ° Pper P recursore . wit" great potential for yielding highly 
™ r ln " St be '° W ' different substitution 9'°^ are shown for X and X' (O) (Group 1 ) and Y 
r ro,I C) < Gr ° Up 2 different binuclear complexes are created by combining the following varyingly substituted 

T n rt ' \T P P 3 ' 33 thSy are connec,ed t0 9 ether trough two copper atoms to yield an eight membered 

ring. Thus, the core ring structure is [-Cu-O-C-C-Cu-O-C-C-], denoted as Structure Type #10 
[0065] Formulations for Structure Type #1 0. 

Group 1 : Substituents on X and X" (O) 

[0066] R1 and RV are individually alkyl, alkynes, alkenes, partially fluorinated alkyl, aryl, alkyl-substituted aryl par- 
t.ally fluonnated aryl, fluoroalkyl-substituted aryl, trialkylsilyl, or triarylsilyl. There is no substitution at R2 and R2\ 
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Group 2: Substituents on Y and Y' (C) 

[0067] R3, R4, R3', and R4 1 can be any combination of hydrogen, alkyi, partially fluorinated alkyl, trialkylsiloxy, triar- 
ylsiioxy, alkoxy, aryl, alkyl-substituted aryl, partially fluorinated aryl, fluoroalkyl-substituted aryl, or halogen. 

5 

Group 3: Substituents on Z and Z' (C) 

[0068] Either or all of R5, R6, R5' and R6' are H, alkenes, alkyne, alkyl, partially fluorinated alkyl, aryl, alkyl-substituted 
aryl, partially fluorinated aryl, fluoroalkyl-substituted aryl, trialkylsilyl, trialkylsilylalkyl, triarylsily, trialkylsiloxy, triarylsi- 

10 loxy, trialkylsilanoate, alkoxy, trialkylsilylamido, or halogen. 

[0069] Further, an analogous eight membered ring core structure can also be created when X and X' are O, Y and 
Y' are C, and Z and Z' are N. This would also create another new class of CVD copper precursors, with great potential 
for yielding highly adherent films to tantalum. In the list below, different substitution groups are shown for X and X'(O) 
(Group 1), Y and Y' (C) (Group 2) and Z and 71 (N). Thus, the core ring structure is [-Cu-O-C-N-Cu-O-C-N-], denoted 

*5 a structure type #1 1 . 

[0070] Formulations for structure type #1 1 . 

Group 1 : Substituents on X and X' (O) 

20 [0071] R1 and RV are individually alkyl, alkynes, alkenes, partially fluorinated alkyl, aryl, alkyl-substituted aryl, par- 
tially fluorinated aryl, fluoroalkyl-substituted aryl, trialkylsilyl, or triarylsilyl. There is no substitution at R2 and R2'. 

Group 2: Substituents on Y and Y* (C) 

25 [0072] R3, R4, R3\ and R4' can be any combination of H, alkyl, partially fluorinated alkyl, trialkylsiloxy, triarylsiloxy, 
alkoxy, aryl, alkyl-substituted aryl, partially fluorinated aryi, fluoroalkyl-substituted aryl, or halogen. 

Group 3: Substituents on Z and Z' (N) 

30 [0073] R5, R6, R5', and R6 1 are independently hydrogen, alkene, alkyne, alkyl, partially fluorinated alkyl, aryl, alkyl- 
substituted aryl, partially fluorinated aryl, fluoroalkyl-substituted aryl, trialkylsilyl, triarysilyl, or halogen. 
[0074] Further, an analogous eight membered ring core structure can also be created when X and X* are O, Y and 
Y* are Si, and Z and T are O. This would also create another new class of CVD copper precursors, with great potential 
for yielding highly adherent films to tantalum. In the list below, different substitution groups are shown for X and X' (O) 

35 (Group 1), Y and Y' (C)(Group 2 ) and Z and Z' (O). Thus, the core ring structure is [-Cu-O-C-O-Cu-O-C-O-], denoted 
as Structure Type #12. 

[0075] Formulations for Structure Type #12. 
Group 1: Substituents on X and X' (O) 

40 

[0076] R1 and RV are individually alkyl, alkynes, alkenes, partially fluorinated alkyl, aryl, alkyl-substituted aryl, par- 
tially fluorinated aryl, fluoroalkyl-substituted aryl, trialkylsilyl, or triarylsilyl. There is no substitution at R2 and R2'. 

Group 2: Substituents on Y and Y' (C) 

45 

[0077] R3, R4, R3', and R4 1 can be any combination of hydrogen, alkyl, partially fluorinated alkyl, trialkylsiloxy, triar- 
ylsiloxy, alkoxy, aryl, alkyl-substituted aryl, partially fluorinated aryl, fluoroalkyl-substituted aryl, or halogen. 
[0078] A further series of structure types are also anticipated where the silicon atoms Y and Y' are substituted with 
either tin atoms, germanium atoms, boron atoms or aluminum atoms. 
so [0079] For tin, the core structures would become [-Cu-O-Sn-O-Cu-O-Sn-O-], [-Cu-O-Sn-N-Cu-O-Sn-N-] (two classes 
since O can be either an ether or anionic oxygen), [-Cu-N-Sn-N-Cu-N-Sn-N-], [-Cu-O-Sn-C-Cu-O-Sn-C-], or [-Cu-N- 
Sn-C-Cu-N-Sn-C-] listed below as Structure Types 1 9, 20, 21 , 22, 23, 24, respectively. For germanium substituted for 
Y and Y\ an analogous series of compounds are also generated. 

[0080] Substitution on Z and Z', when they are oxygen, nitrogen or carbon, for both the tin and germanium-based 
55 structures, can be as listed for the substitution patterns on these elements as shown for Structure Types 1-12. Substi- 
tution on tin or germanium can be as listed for substitution on Si in Structure Types 1-12. By substituting tin for silicon 
in the compounds listed as synthetic precursors materials for Structure Types 1 , 2, 3, 7, 8 and 9, then following the 
same synthetic steps for the latter compounds, synthetic routes to Structure Types 19, 20, 21 , 22, 23 and 24, along 
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with the analogous germanium based series of Structure Types is achieved 

[0081] For boron, the Structure Types would thus become [-Cu-O-B-O-Cu-O-B-O-1 T-Cu-O R n r„ n n u w- 

b c s cu s : c n T a ; be eith r an ether or anionic °« -i i^^S^SJr 

B-C-Cu-N-B-C-]. These are listed below as Structure Tvoes 13 14 isir 17^1 *■ , J ' 1 

CVD and ALD processes 

(a) within a temperature range of zero to 500 degrees Celcius 

(b) within a pressure range of 1 mTorr to greater than 760 Torr 

(c) with the use of microwave generated plasma, either remote or direct 

(d) with the use of the following reagent gases added stoichiometrically or catalytically 

ssssssssesssst 

E fnXTKo C0 T Siti ° nS may be those com P |exes that are "q«'d or especially volatile 

[0085 In the above complexes where the ligand system is not bearing oxygen for instance the Cu N sl'c c.i n q. 

EXPERIMENTAL 
SYNTHESIS 

Kms 1^^o ^ ^^f l !^^^ ,M8 ^ , C ° mp ' eX W8S Synthesized as fol,ows ' Under a blanket of nitro- 
gen, 15.1g (0.1 moles) of dimethylaminochloromethyldimethylsilane was added to ? An in 1 m «i * 

C«N^^CHS^X]5i.5 0 fl B 3 C0 ' 0rieSS CryS,a " ine SUb " mate ° f ^ COm " eX I" 

I^RIn^^ ^'l * " 2 (6H) ' Sin9 ' et * 021 p P m < 6H >' sin 9 lel at -0-33 P P m (2H) 

C NMR ,n deuterobenzene: singlet at -8.2 ppm, singlet at -0.25 ppm, singlet at 40.1 ppm. 
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GCMS analysis of the purified [-CuNMe 2 SiMe2CH2CuNMe 2 SiMe 2 CH2-] complex showed predominantly the product 
of ligand coupling, i.e., Me 2 NSiMe 2 CH 2 CH2Me2SiNMe 2) due to thermal reaction in the GC injector port. 
[0088] In other experiments it was found that the application of excessive heat greater than 1 20 °C during sublimation 
of the [-CuNMe 2 SiMe 2 CH 2 CuNMe 2 SiMe 2 CH 2 -] complex also begins to yield a copper film and the coupled ligand 
5 Me 2 NSiMe 2 CH 2 CH 2 Me 2 SiNMe 2 as the sole volatile by product, identified by both GCMS and 1 HNMR. As shown below, 
under CVD conditions we also observed the coupling of the ligands in the [-CuNMe 2 SiMe 2 CH 2 CuNMe 2 SiMe 2 CH 2 -] 
complex simultaneous with growing a copper containing film. 

CVD 

10 

[0089] Using a Vactronics LPCVD reactor the following conditions were used: 



Precursor 


[-CuNMe 2 SiMe 2 CH 2 CuNMe 2 SiMe 2 CH 2 -] 


Substrate 


Tantalum sputtered onto a silicon wafer 


Precursor delivery temperature 


75 °C 


Chamber pressure 


1 .5 Torr 


Wafer temperature 


143 °C 


Carrier gas flow rate 


70 seem 


Diluent gas flow rate 


100 seem 



[0090] This provided a copper containing film, as determined by an EDX scan. 

Mass spectral analysis of the CVD chamber gases during processing revealed the presence of 
NMe 2 SiMe 2 CH 2 CH 2 SiMe 2 NMe 2 as a peak at 1 88 mu (parent ion of 232 mu minus (Me) 2 N of 44 mu) from the coupling 
25 of the ligand system in the precursor [-CuNMe 2 SiMe 2 CH 2 CuNMe 2 SiMe 2 CH 2 -] as it releases copper metal in the CVD 
process. 

[0091] The essence of the above synthesis is metallation of a methyl group alpha to silicon in dimethylaminotrimeth- 
ylsilane followed by reaction with a copper (+1 ) species 

[0092] . The resulting reaction mixture is then filtered, if necessary, to remove any by-product precipitates and then 
30 sublimed to yield the final product. In some instances it may be possible to sublime the final product directly from the 
crude reaction mixture. 

[0093] Metallation of the dimethylaminotrimethylsilane can be accomplished in many ways and a wide range of cop- 
per reagents can be selected for reaction with it in the course of pursuing alternative synthetic routes to complexes 
of the type[1] as shown above. For example, in the case of preparing 

35 [-CuNMe 2 SiMe 2 CH 2 CuNMe 2 SiMe 2 CH 2 -], dimethylaminotrimethylsilane can be effectively metallated by first forming 
a dimethylaminohalomethyldimethylsilane and reacting it with a metal such as, but not limited to, magnesium, lithium, 
aluminum, sodium, potassium, cesium, rubidium. Alternatively, the dimethylaminohalomethyldimethylsilanecan be re- 
acted with an organometallic species to undergo a metal/halogen to generate the metallated dimethylaminotrimethyl- 
silane species. Alternatively, dimethylaminotrimethylsilane can be deprotonated using an organometallic reagent. Al-- 

40 tentatively, the metallated dimethylaminotrimethylsilane species can be generated electrochemically. Suitable copper 
(+1) sources for which to react the thus metallated dimethylaminotrimethylsilane include, but are not limited to, copper 
halides, copper acetate, copper trifuoroacetate, copper triflate, copper alkoxides, copper amides, copper organome- 
tallics, copper hexafluorophosphate.coppertetrafluoroborate or othersuitablecopper< +1 )compounds. The final product 
may be purified by sublimation, distillation, recrystallization, selective reversible absorbtion, selective and reversible 

45 adduct formation with a suitable coordinating medium, column chromatography using a chromatographic medium that 
is benign towards the organometallic copper compound product. 

[0094] The general principles of the above alternative syntheses can also be expanded to include dialkylaminotri- 
alkylsilane species in general in addition to the syntheses listed below, and metals other than copper can be used to 
prepare the final metal complex. 
so [0095] Other Structure Type #1 compounds may be prepared using analogous syntheses. 

Synthesis of a compound of Structure Type #2 compounds 

[0096] Dimethyldichlorosilane (1 mole) can be dissolved in one liter of tetrahydrofuran under an atmosphere of ni- 
55 trogen, to which one mole of lithiummethylamide in one liter of terahydrofuran can be slowly added. The resulting 
mixture can be stirred overnight, then all volatiles can be vacuum transferred off and fractionally distilled under an 
atmospheric pressure of nitrogen to give methylaminodimethylchlorosilane. One half mole of methylaminodimethyl- 
chlorosilane can be then dissolved in one liter of tetrahydrofuran under an atmosphere of nitrogen, to which lithium- 
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the product dimethy,aminomethy«^ and *• « ca " b * fractional* distilled to give 

over 10 minutes. ^^51?^^ lT 0 ^ ^ * ^ can be ■**■ 

tni^smaiti^^^J^SS^ and heated under vacuum t0 disti " out the [-cu- 

Synthesis of a compound of Structure Type #3 compounds 

be added slowly over a one hour npriod a t ,1!!. of tetrahydrofuran, or similar solvent, andean 

Synthesis of a compound of Structure Type #4. 

Sen^S" ^tic techniques. One 

one equivalent of magnesium an a owe T^JZ£2!1T™' °\ " S ' mi ' ar S °' Vent ' and be reaCted wilh 
minutes the mixture can be f ilered ^t^J^S^T TH^ ° f d ' 0Xane C3n be added and after 3° 
suitable cuprous compound can be slow! ^ZLr I ll ™° Ce ' SiUS and cuprous chloride ' or <*>™ 

for one hour. The ^SS^^^SS^^T' T*"* ™ a "° Wed t0 Stir at room tem P erat ^ 
the product as l<iu4mJSSSS^SS^S'Si ST*?* ^ ^ be h8atod U " der VaCUUm t0 distil1 «* 
using analogous syntheses ™e2-CH2-CH2-] Other Structure Type #4 compounds may also be prepared 

Synthesis of a compound of Structure Type #5 
Synthesis of a compound of Structure Type #6 . 

reacted with on equivaient of sodi^^S oS,^ dep" ^fJT **? T* ™ * 
room temperature and stirred overniaht To thh miw „ „!? rotonat na a 9 ent - This mixture can be allowed to warm to 

canbes,ow^ddedoverone hou7a 9 n tl^ 

be vacuum stripped off and the resultina soHd r ™ h? > l l tem P ertaure for on e hour. The solvent can 

NMe2-CH2-0-Cu NMe2 CH2 O 1 !2S <S T d Under VaCUUm t0 distiH out the P rodu <* as [-Cu- 

O Cu NMe2 0H2-O-J. Other Structure Type #6 compounds may be prepared using analogous syntheses. 

Synthesis of a compound of Structure Type #7 

[0102, t-Butoxychioromethyidimethylsiiane can be synthesized using standard organic synthetic techniques. One 
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equivalent of this compound can be dissolved in tetrahydrofuran, or a similar solvent, and can be reacted with one 
equivalent of magnesium and can be allowed to stir overnight. One eqivalent of dioxane can be added, and after 30 
minutes, the mixture can be filtered. This solution can be cooled to zero degrees celsius, and cuprous chloride, or other 
suitable cuprous compound can be slowly added over one hour. This mixture can be allowed to stir at room temperature 
5 for one hour. The mixture can be filtered, and the solvent can be vacuum stripped off from the filtrate. The resulting 
solid can be heated under vacuum to distill out the product as [-Cu-(CH3) 3 0-CH 2 -CH 2 -Cu-(CH3) 3 0-CH 2 -CH 2 -]. Other 
Structure Type #7 compounds may also be prepared using analogous syntheses. 

Synthesis of a compound of Structure Type #8 

10 

[0103] Methoxymethylaminodimethylsilane can be synthesised using standard organic synthetic techniques. One 
equivalent of this compound can be dissolved in tetrahydrofuran, or a similar solvent, cooled to zero degrees celsius 
and can be reacted with one equivalent of n-butyllithium or similar deprotonating agent. This mixture can be allowed 
to warm to room temperature and can be stirred overnight. To this mixture one equivalent of cuprous chloride or similar 
15 cuprous reagent can be slowly added over one hour, and the mixture can be allowed to stir at room temperature for 
one hour. The mixture can be filtered, solvent can be vacuum stripped from the filtrate and the resulting solid can be 
heated under vacuum to distill out the product as [-Cu-OMe-SiMe 2 -Nlvle-Cu-OMe-SiMe 2 -NMe-]. Other Structure Type 
#8 compounds may be prepared using analogous syntheses. 

20 Synthesis of a compound of Structure Type #9 

[0104] Methoxydimethylsilanol can be synthesized using standard organic synthetic techniques. One equivalent of 
this compound can be dissolved in tetrahydrofuran, or a similar solvent, cooled to zero degrees celsius and can be 
reacted with one equivalent of sodium hydride or similar deprotonating agent. This mixture can be allowed to warm to 
25 room temperature and can be stirred overnight. To this mixture one equivalent of cuprous chloride or similar cuprous 
reagent can be slowly added over one hour, and the mixture can be allowed to stir at room temperature for one hour. 
The mixture can be filtered, solvent can be vacuum stripped from the filtrate and the resulting solid can be heated 
under vacuum to distill out the product as [-Cu-OMe-SiMe 2 -0-Cu-OMe-SiMe 2 -0-]. Other Structure Type #9 compounds 
may be prepared using analogous syntheses. 

30 

Synthesis of a compound of Structure Type #10 

[01 05] t-Butoxy-bromomethylmethane can be synthesized using standard organic synthetic techniques. One equiv- 
alent of this compound can be dissolved in tetrahydrofuran, or a similar solvent, and can be reacted with one equivalent 

35 of magnesium and allowed to stir overnight. One equivalent of dioxane can be added, and after 30 minutes, the mixture 
is filtered. This solution can be cooled to zero degrees celsius and cuprous chloride, or other suitable cuprous compound 
can be slowly added over one hour. This mixture can be allowed to stir at room temperature for one hour. The mixture 
can be filtered, and the solvent can be vacuum stripped off from the filtrate. The resulting solid can be heated under 
vacuum to distill out the product as [-Cu-Ot-Bu-CH 2 -CH 2 -Cu-Ot-Bu-CH 2 -CH 2 -]. Other Structure Type #1 0 compounds- 

40 may also be prepared using analogous syntheses. 

Synthesis of a compound of Structure Type #11 

[0106] Methoxymethylaminomethane can be synthesized using standard organic synthetic techniques. One equiv- 
45 alent of this compound can be dissolved in tetrahydrofuran, or a similar solvent, cooled to zero degrees celsius and 
can be reacted with one equivalent of n-butyllithium or similar deprotonating agent. This mixture can be allowed to 
warm to room temperature and can be stirred overnight. To this mixture one equivalent of cuprous chloride or similar 
cuprous reagent can be slowly added over one hour, and the mixture can be allowed to stir at room temperature for 
one hour. The mixture can be filtered, solvent can be vacuum stripped from the filtrate, and the resulting solid can be 
50 heated under vacuum to distill out the product as [-Cu-OMe-CH 2 -NMe-Cu-OMe-CH 2 -NMe-]. Other Structure Type #11 
compounds may be prepared using analogous syntheses. 

Synthesis of a compound of Structure Type #12 

55 [0107] t-Butoxymethanol can be synthesized using standard organic synthetic techniques. One equivalent of this 
compound can be dissolved in tetrahydrofuran, or a similar solvent, cooled to zero degrees celsius and can be reacted 
with one equivalent of sodium hydride or similar deprotonating agent. This mixture can be allowed to warm to room 
temperature and can be stirred overnight. To this mixture one equivalent of cuprous chloride or similar cuprous reagent 
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can be slowly added over one hour, and the mixture can be allowed to stir at room temperature for one hour. The 
mixture can be filtered, solvent can be vacuum stripped from the filtrate and the resulting solid can be heated under 
vacuum to distill out the product as [-Cu-Ot-Bu-CH 2 -0-Cu-Ot-Bu-CH 2 -0-] Other Structure Type #12 compounds may 
be prepared using analogous syntheses. 

Synthesis of a compound of Structure Type #13 

[0108] Using standard boron chemistry synthetic techniques, MeOB(Me)OH can be prepared. This compound can 
be dissolved in ether or another suitable solvent under an atmosphere of nitrogen and can be treated with one equivalent 
of sodium hydride or other suitable deprotonating agent. This mixture can be treated with one equivalent of copper 
chloride or other suitable cuprous source. After a suitable reaction time, this mixture can be filtered, the filtrate can be 
stripped of solvent, and the resulting material can be heated under vacuum to distill out the product [-Cu-OMe-BMe- 
O-Cu-OMe-BMe-O-]. Other Structure Type #13 compounds may be prepared using analogous syntheses. 

Synthesis of a compound of Structure Type #14 

[0109] Using standard boron chemistry synthetic techniques, MeOB(Me)NMeH can be prepared. This compound 
can be dissolved in ether or another suitable solvent under an atmosphere of nitrogen and can be treated with one 
equivalent of sodium hydride or other suitable deprotonating agent. This mixture can be treated with one equivalent 
of copper chlonde or other suitable cuprous source. After a suitable reaction time, this mixture can be filtered the 
filtrate can be stripped of solvent and the resulting material can be heated under vacuum to distill out the product [- 
Cu-OMe-BMe-NMe-Cu-OMe-BMe-NMe-]. Other Structure Type #14 compounds may be prepared using analogous 
syntheses. 

Synthesis of a compound of Structure Type #16 

[01 10] Using standard Boron chemistry synthetic techniques, HOB(Me)NMe 2 can be prepared. This compound can 
be dissolved in ether or another suitable solvent under an atmosphere of nitrogen and can be treated with one equivalent 
of sodium hydride or other suitable deprotonating agent. This mixture can be treated with one equivalent of copper 
chloride or other suitable cuprous source. After a suitable reaction time this mixture can be filtered, the filtrate can be 
stripped of solvent and the resulting material heated under vacuum to distill out the product [-Cu-0-BMe-NMe 2 -Cu-0- 
BMe-NMe 2 -]. Other Structure Type #15 compounds may be prepared using analogous syntheses. 

Synthesis of a compound of Structure Type #1 6 

[0111] Using standard Boron chemistry synthetic techniques, HMeNB(Me)NMe 2 can be prepared. This compound 
can be dissolved in ether or another suitable solvent under an atmosphere of nitrogen and can be treated with one 
equivalent of sodium hydride or other suitable deprotonating agent. This mixture can be treated with one equivalent 
of copper chloride or other suitable cuprous source. After a suitable reaction time, this mixture can be filtered the 
filtrate can be stripped of solvent and the resulting material can be heated under vacuum to distill out the product [- 
Cu-NMe-BMe-NMe 2 -Cu-NMe-BMe-NMe 2 -). Other Structure Type #16 compounds may be prepared using analogous 
syntheses. a 

Synthesis of a compound of Structure Type #1 7 

[0112] Using standard Boron chemistry synthetic techniques, MeO-B(Me)CH 2 Br can be prepared. This compound 
can be dissolved in ether or another suitable solvent under an atmosphere of nitrogen and can be treated with one 
equivalent of magnesium. This mixture can be allowed to stir overnight, then can be treated with one equivalent of 
dioxane and can be filtered. To this filtrate, one equivalent of copper chloride or other suitable cuprous source can be 
added. After a suitable reaction time, this mixture can be filtered, the filtrate can be stripped of solvent and the resulting 
material can be heated under vacuum to distill out the product [-Cu-OMe-BMe-CH 2 -Cu-OMe-BMe-CH 2 -] Other Struc- 
ture Type #17 compounds may be prepared using analogous syntheses. 

Synthesis of a compound of Structure Type #1 8 

[0113] Using standard Boron chemistry synthetic techniques, Me 2 N-B(Me)CH 2 Br can be prepared. This compound 
can be dissolved in ether or another suitable solvent under an atmosphere of nitrogen and can be treated with one 
equivalent of magnesium. This mixture can be allowed to stir overnight, then can be treated with one equivalent of 
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dioxane and can be filtered. To this filtrate, one equivalent of copper chloride or other suitable cuprous source can be 
added. After a suitable reaction time, this mixture can be filtered, the filtrate can be stripped of solvent and the resulting 
material can be heated under vacuum to distill out the product [-Cu-NMe 2 -BMe-CH 2 -Cu-NMe 2 -BMe-CH 2 -]. Other struc- 
ture type #1 8 compounds may be prepared using analogous syntheses. 

5 [0114] Within each of the structure types shown above there are the groups 1 , 2 and 3 that can bear different sub- 
stituents. In a typical synthesis, a complex is designed by selecting which substituted groups 1 ,2 and 3 will comprise 
the ligand and after it is synthesized and complexed to copper or another metal, a discreet compound is formed. 
However, it may be advantageous to select two or more different patterns of substituion within the groups to yield two 
or more different ligands as, as a mixture these iigands are complexed to copper or other metal to create a mixture of 

10 copper or other metal compounds. Since there are two ligands and two copper centers per molecule of final product, 
if ligands L1 and L2 constitute the mixture of ligands which is complexed to copper, then a mixture of three copper 
complexes will form, i.e., Cu 2 (L1) 2 , Cu 2 (L1)(L2), and Cu 2 (L2)(L2). Similarly, a mixture of three different ligands will 
yield a mixture of copper complexes described as Cu 2 (L1) 2 , Cu 2 (L2) 2 , Cu 2 (L3) 2 , Cu 2 (L1)(L2), Cu 2 (L2){L3) and Cu 2 
(L1)(L3). The advantage of such mixtures is that they can be manifest as liquids which, under certain circumstances, 

15 may offer advantages in vapor delivery, especially by the process of direct liquid injection inthe CVD or ALD process. 
[01 15] The present invention has been set forth with regard to several preferred embodiments, but the full scope of 
the present invention should be ascertained from the claims which follow. 
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1 . A compound represented by the structure: 



25 



R2' 
I 



NT- 

R6-Z— R5 




R4' 
RS'-Z'-RS' 
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R4. 




X M 



35 



wherein 



55 



40 



45 



50 



M and M' are each a metal; 

X and X' are each N or O; 

Y and Y' are each Si, C, Sn, Ge, B, or Ai; 

Z and Z' are each C, N, or O; 

R1, R2, R1\ and R2' are each independently H, an alkyl, an alkenyl, an alkynyl, a partially fluorinated alkyl, 
an aryl, an alkyl-substituted aryl, a partially fluorinated aryl, a fluoralkyl-substituted aryl, a trialkylsiloxy, a tri- 
arylsiloxy, a trialkylsilyl, or a triarylsilyl; 

R3, R4, R3\ and R4' are each independently H, an alkyl, a partially fluorinated alkyl, a trialkyl siloxy, an aryl, 
an alkyl-substituted aryl, a partially fluorinated aryl, a fluoroalkyl-substituted aryl, an alkoxy, a trialkylsiloxy, a 
triarylsiloxy, a trialkylsilyl, a triarylsilyl, a bis(trialky!silyl)amido, a bis(triarylsilyl)amido, or a halogen; and 
R5, R6, R5\ and R6' are each independently H, an alkyl, an alkenyl, an alkynyl, a partially fluorinated alkyl, 
an aryl, an alkyl-substituted aryl, a partially fluorinated aryl, a fluoralkyl-substituted aryl, a halogen, a trialkyl- 
siloxy, a triarylsiloxy, a trialkylsilyl, a triarylsilyl, a trialkylstlanoate, or an alkoxy; 
provided that when X and X' are each O, there is no substitution at R2 and R2'; 
further provided that when Z and Z are each O t there is no substitution at R5, R6, R5\ or R6'; 
said alkyl and alkoxide having 1 to 8 carbons; said alkenyl and alkynyl having 2 to 8 carbons; and said aryl 
having 6 carbons. 



2. The compound of claim 1 wherein M and M' are each Cu. 
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3. The compound of claim 1 wherein X and X' are each N. 

4. The compound of claim 3 wherein Y and Y' are each Si. 

5. The compound of claim 4 wherein Z and Z' are each C. 

6. A compound represented by the structure: 



R2' 
M' X' 



/ ' \ R3< 



R6^Z— R5 m YI 
R4. 



\ 

R4' 



X -M 

R2 



wherein 

M and M' are each Cu; 
X and X' are each N; 
25 Y and Y 1 are each Si; 

Z and Z' are each C; 



sxrjr i<te naBin9 ' ,o e Mm -- ^ ato " »- *™ ^ * •» » *>« =.,. 

7. The compound of claim 6 wherein R1, R2 R3 R4 rv ro> »< D>|1 

R6' are each H. ' ' 1 R2 ' R3 ' and R4 are eacn meth yl; and R5, R6, R5\ and 

4 ° 8. The compound of claim 6 wherein R1, R2 R3 R4 rv uo> nv ^ ba. 

trimethylsilyl; and R6 and R6' are each H ' ' ' 04 ^ 6aCh methyl; R5 and R5 ' are ea <* 

9. A method of forming a me,a. or metai-containing film on a substrate, under ALD conditions, comprising 

?ui s :r^ 



so 
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V 



R4' 



R2' 
I 

M' * R3 1 

/»« 
R6-Z— R5 

R2 

[1] 

wherein M and M' are each a metal; 
X and X' are each N or O; 
Y and Y' are each Si, C, Sn, Ge, B, or Al; 
Z and Z' are each C, N, or O; 

R1, R2, R1\ and R2* are each independently H, an alkyl, an alkenyl, an alkynyl, a partially fluorinated 
20 alkyl, an aryl, an alkyl-substituted aryl, a partially fluorinated aryl, a fluoralkyl-substituted aryl, a trialkylsi- 

loxy, a triarylsiloxy, a trialkylsilyl or a triarylsilyl; 

R3, R4, R3\ and R4' are each independently H, an alkyl, a partially fluorinated alkyl, a trialkyl siloxy, an 
aryl, an alkyl-substituted aryl, a partially fluorinated aryl, a fluoroalkyl-substituted aryl, an alkoxy, a trialkyl- 
siloxy, a triarylsiloxy, a trialkylsilyl, a triarylsilyl, a bis (trial kylsilyl)ami do, a bis(triarylsilyl)amido, or a halo- 
es gen; and 

R5, R6, R5', and R6' are each independently H, an alkyl, an alkenyl, an alkynyl, a partially fluorinated 
alkyl, an aryl, an alkyl-substituted aryl, a partially fluorinated aryl, a fluoralkyl-substituted aryl, a halogen, 
a trial ky Is iloxy, a triarylsiloxy, a trialkylsilyl, a triarylsilyl, a trialkylsilanoate, or an alkoxy; 
provided that when X and X' are each O r there is no substitution at R2 and R2'; 
30 further provided that when Z and Z' are each O, there is no substitution at R5, R6, R5\ or R6'; 

said alkyl and alkoxide having 1 to 8 carbons; said alkenyl and alkynyl having 2 to 8 carbons; and said 
aryl having 6 carbons; 

(c) oxidizing or hydroxylating the newly metal functionalized surface to form a metal oxide layer; 
35 (d) repeating the above steps (b) and (c) as needed to build a required number of metal oxide layers for a 

thickness which can be chemically reduced; and 

(e) reducing the metal oxide layers to form a smooth metal film; and 

(f) optionally repeating steps (a) through (e) to grow a thicker metal film. 

40 10. The method of claim 9 wherein said substrate is silicon or germanium. 

11. The method of claim 10 wherein M and M' are selected from the group consisting of Cu, Ag, Au, and Ir. 

12. The method of claim 10 wherein M and M' are each Cu. 

45 

13. The method of claim 12 wherein X and X' are each N. 

14. The method of claim 13 wherein Y and Y' are each Si. 
so 15. The method of claim 14 wherein Z and Z' are each C. 

16. The method of claim 10 wherein M and M' are different metals in each layer when there is more than one layer. 

17. The method of claim 1 0 wherein the composition of (b) also comprises another metal precursor selected from the 
55 groups consisting of a metal (3-diketonate; a metal alkoxide; a metal amide; a metal bis(alkoxide); a metal bis (P- 

ketonate); a metal bis (p-ketoimide); a metal (P-diimide); and a metal (amidinate). 

18. A method of forming a metal or metal-containing film comprising reacting, under chemical vapor deposition con- 
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ditions sufficient to deposit a film on a substrate, a precursor represented by the structure: 



R2' 

M' X' Rr 

R6-Z— R5 R1 



I R4 ' 
R4 'T\ R1 R6-Z'-> R5 ' 

R2 

15 wherein 

M and M' are each a metal; 
XandX' are each Nor O; 
Y and V are each Si, C, Sn, Ge, B, or Al; 
Z and T are each C, N, or O; 



proved ,h„ « te „ X and X' „e d,eh O, there is „o J MMm at R2 " 
f U *e,p« 3 v.d M th a tM, 0n Z 8 ndZ'are 8 ^hO,tn ere l STOSUbs ,, 11 ,| 0natF15 F)6 m orF» 

h8Vi " 9 ' '° 8 " -* - -id ar, 

20. The method of claim 18 wherein M and M' are each Cu. 
40 21 . The method of claim 20 wherein X and X' are each N. 

22. The method of claim 21 wherein Y and Y' are each Si. 

23. The method of claim 22 wherein Z and Z' are each C. 

24. The method of claim 18 wherein M and M' are each Pt, Pd, Rh, or Ru. 
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